In this research, seasonal greenhouse gas (GHG) errusslOn factors were developed to realize the true CO 2 reduction potential of a small scale renewable energy technology. From this data Time Dependent Valuation (TDV) emission factors and hourly emission factors were developed which provided upper and lower limits, respectively. The use of regionally specific climate-modeled factors, such as those identified, allowed for a better representation of the benefits associated with GHG reducing technologies, such as photovoltaic (PV). 
INTRODUCTION
Between 1990 and 2002 secondary energy use in Canada increased 18 percent, resulting in an 18 percent increase in greenhouse gas (GHG) emissions. In addition, energy use in the building sector rose by 30 percent, resulting in a 35 percent increase in GHG emissions [1] . The recent climate changes and future GHG emission predictions, as well as the constant increase of demand of electricity in Ontario [2] , whether they are conservative or extreme, have served to capture the awareness of the consequences of our current lifestyle. Climate change is a global concern and it requires a global response. Global warming is arguably the single greatest environmental challenge facing the world today. Due to the scope of the concern, the response must be shared between the federal, provincial, and municipal levels of government. Under the Kyoto Protocol, developed countries are committed to collectively reduce greenhouse gas emissions by 5.2% below 1990 levels during the period of [2008] [2009] [2010] [2011] [2012] . In response to this, the federal government decided to ratify the accord in 2003, and Canada's share of this burden will be to reduce its annual GHG emissions to 6% below 1990 levels by 2012 [1] . The current trends will only make it harder for Canada to reach its goal to mitigate or reduce GHG emissions. In the last two decades there has been extensive studies exploring the use of renewable energy technologies in the residential sector to reduce GHG emissions produced by the electricity generation sector. While the complexity of the global climate change remains difficult to predict, it has been observed that there is a relationship between electricity generation and GHG emissions [3] . Thus, it is necessary to develop an accurate model to measure the amount of GHGs released into the environment.
OBJECTIVE
The objective of this research is to develop a realistic and viable methodology to predict hourly GHG emissions from the electricity generation sector in order to investigate the reduction potential of renewable technologies. Thus, this work entails the following:
(i) Development of a methodology to predict GHG emission factors due to the total electricity generation mix for the Province of Ontario. (ii) Comparison of hourly and TDV GHG emission factors predicted by the methodology developed in (i). (iii) Demonstration of the capability of the methodology developed in (i) by conducting a case study involving the use of photovoltaic technologies in the residential sector.
TRADITIONAL WAYS TO ESTIMATE GHG EMISSIONS
The objective of this paper is to estimate GHG emission factors from the electricity generation sector. There are different methods to estimate GHG emissions. Direct measurement is typically the most accurate method that can be used. Normally, these data are not readily available and, historically, the majority of GHG emissions from fossil fuel and process-related activities have been estimated. Estimation is the method used by many countries when preparing their national GHG inventories [4] . Guier et al. (2008) [5] calculated the amount of GHG emissions from the electricity generation sector by using the Average GHG Intensity Factor (GHGIF A ), which assumes that the reduction in electricity consumption is uniformly distributed amongst all types of electricity generation. GHGIFA is the amount of GHG emissions produced as a result of generating one kWh of electricity. The GHGIF A in 1993 for the Province of Ontario was estimated to be 136 g/kWh using the methodology mentioned above. Table 1 shows the GHGIF A  values for the years 2004, 2005, and 2006 for the Province of Ontario [6] from the electricity generation sector. It should be noted that in Canada, electricity is primarily produced from three sources: fossil, nuclear, and hydro. Recently, there has been a small addition to the mix from alternative power generation (wind). 
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The combustion of fossil fuels produces several major greenhouse gases: carbon dioxide (C0 2 ), methane (CH 4 ), sulphide dioxide (S02), nitrogen oxide (NO), nitrous oxide (N 2 0), etc. The amount of emissions from CO 2 , CH 4 , S02, NO, and N 2 0 varies from one fuel to another, and they are calculated using emission factors. Emission factors are commonly expressed in tons of CO 2 per MWh or grams per kWh of electricity produced.
IDENTIFICATION OF POTENTIAL PROBLEMS IN ESTIMATING GHG EMISSIONS
The simplest way to reduce emissions is through modifying behaviour. Awareness programmes, especially those supported with information on current energy usage, are very effective at reducing electricity demand which help reduce emissions. Time of use of electricity is strongly related to emissions since they both vary throughout the day [3] . However, before these programmes can be implemented, it is necessary to develop a method to accurately estimate GHG emissions from the electricity generation sector.
Ontario has a unique mix of electricity producing technologies. Generally, hydro and nuclear are considered to be base load power [2] , because they are operated at constant load all the time. Fluctuations in electricity demand are generally handled by fossil fuel fired (FFF) plants. As a result, it can be argued that the GHGIFA calculated using the methodology described in the previous section would result in estimates of GHG emission reductions based on the generation mix for the Province of Ontario, which comes from different sources (nuclear, hydro, coal, and other). In order to replace fossil plants completely, a different emission factor has to be used instead of the GHGIFA. In response to this, a second GHG intensity factor (GHGIF M ) was developed by GuIer et al. (2008) [5] , in which the GHGIF M was calculated by dividing the net FFF plant electricity production, transmission and distribution losses by the total equivalent CO 2 emissions. The GHGIF M calculated for the Province of Ontario was 903.7 t/GWh in 1993 [5] . The latter emission factor assumes that all of the electricity consumed by a residence comes from fossil, which could be used if trying to replace fossil plants exclusively with renewable technologies. Both of these methods neglect to show changes in emission factors throughout the day.
PROPOSED METHODOLOGY TO BETTER ESTIMATE GHG EMISSION REDUCTIONS BY EMPLOYING RENEWABLE TECHNOLOGIES
Renewable energy technologies are used to generate electricity and heat from renewable energy sources such as the sun, rivers, wind, and the earth's core temperatures. When sunlight hits a photovoltaic cell, electricity is produced. Similarly, when wind flows through a turbine, it provides rotational energy which in turn produces electricity through a generator. There are many advantages in using solar and wind energy. Some of these are: a free energy source, an abundant amount of energy, and an effective method in reducing GHG emissions. However, the electricity produced by a renewable technology, such as PV, or micro-wind turbine and the availability of solar and wind energy, changes throughout the period of a day. Due to the divergence between when electricity can be generated and when it is required, an hourly GHG emission analysis is needed to truly understand the impact that these renewable technologies have on emissions. Technologies for incorporating renewable energy into the residential area include, photovoltaic, micro-wind turbines, ground source heat pumps, and advance solar thermal technologies. These technologies are continuously being improved and are responsible for the emergence of hybrid homes. By combining renewable energy sources with complementing residential technologies, further end-use energy savings and emission reductions can be obtained. . However, before employing a renewable energy technology, a better estimation of the true GHG emission factors must be developed in order to get a clear picture of the saving potentials for the various renewable energy technologies.
Currently, the most common method used by Environment Canada to estimate emissions is based on fuel consumption calculations from the electricity generation sector. This method can be too simplistic, time-consuming and errors may occur because of the many unit conversions that are required, as well as the difficulty in obtaining certain types of data. Fuel based methods only estimate an annual average and do not reflect the cyclic behavior of emission factors throughout the day. MacCracken (2006) [3] introduced a time dependent valuation (TDV) model for electricity consumption and, in October 2005, TDV was adopted by the California Energy Efficiency Standards for Residential and Non-residential Buildings. TDV views energy demand differently depending on the time of use [3] . In MacCracken (2006) [3] , it is shown that California has devised a means to determine the societal impacts on when energy is consumed. As a result, this method of analysis would allow for a more accurate representation of the reduction potential of GHGs by using renewable technologies.
Hourly GHG Emission Factors
The amount of GHG emissions from the electricity generation sector was calculated using the "Average GHG Intensity Factor" (GHGIF A ) [5] . The GHGIF A represents the amount of GHG emissions produced as a result of generating one kWh of electricity. The GHGIF A for 2004,2005, and 2006 were estimated using the methodology mentioned above in conjunction with the electricity output information from the IESO (2004) [2] . It should be noted that the emission factor for CO 2 does not take into consideration CH 4 and N 2 0 because Ontario Power Generation and Bruce Power do not show these data in their sustainable reports mainly due to their negligible amounts in comparison to CO 2 , S02, and NO [7] .
The GHG emissions due to coal fired and natural gas plants were determined using Equations 1,2and3.
(1)
Where,
HC0 2 = Hourly CO 2 production (kg) HS0 2 = Hourly S02 production (kg) HNO = Hourly NO production (kg) HECOAL= Hourly Electricity generated by Coal plants HEOTHER = Hourly Electricity generated by Other (natural gas, etc.) The new hourly greenhouse gas emission factors (NHGHGIFA) model was based on the hourby-hour demand of electricity in Ontario from the following sources: nuclear, fossil, hydro, other (natural gas, etc). The estimation of the new hourly greenhouse gas intensity factors NHGHGIFA was accomplished by dividing the hour-by-hour emissions from CO 2 S02, and NO by the hourby-hour total electricity generated from the different sources. Consequently the new greenhouse gas intensity factor (NGHGIFA) was estimated by taking the average of the hourly emission factors for each season. The values obtained for the NGHGIFA were compared to the GHGIFA values using the methodology outlined above.
The NGHGIF A was determined using Equations 4 and 5. 
Time Dependent Valuation Emission Factors
Currently, there is no TDV profile for greenhouse gases for the Province of Ontario in the public domain. Hourly GHG emissions data based on provincial location are not readily available, and it has been shown that emission factors vary with electricity demand [3] . In addition, the shape and magnitude of GHGIF profiles also vary with factors such as time of day, time of year, geographical location, and climate. Due to the inaccessibility to hourly emission data from the power generating sector, rather than using one GHGIF value for the entire year, seasonal GHGIF profiles based on the electricity demand for the Province of Ontario were developed. The approach detailed below was used in order to provide a better method to properly estimate greenhouse gases within the Province of Ontario.
Hourly electricity consumption data from the IESO and hourly GHG emISSIOn factors estimated in the previous section were used to determine Hourly Average NGHGIF profiles for the years 2004, 2005, and 2006. These profiles were calculated using Equation 6 for each hour in a day. Test Case Scenarios ESP-r is a building energy simulation software that can be used to perform highly complex thermal analysis, HVAC analysis and electrical power flow simulations. In simple terms, ESP-r attempts to simulate real world scenarios to a level that is consistent with current best practices in the international building simulation community. The use of calculation methods like ray tracing and computational fluid dynamics (CFD) make ESP-r useful for a wide range of projects. [8, 9] performed simulations, using ESP-r, which included the use of PV on the computational model for the Canadian Centre for Housing Technology (CCHT) research house located in Ottawa. The CCHT research house was built in 1998 based on R-2000 building standards. Identical twin houses were built in order for one house to be used as a reference while the twin house is tested with advance technologies to assess the energy performance of novel energy systems and materials [10] . The ESP-r model for the CCHT house is composed of two above-ground storeys and a fully conditioned basement. It has a conditioned floor area (excluding the basement) of 240 m 2 .
Syed et al. (2008)
The simulation model consisted of a PV array of 5 kW capacity and hourly annual simulations were run to assess the potential electricity contribution. This data was then utilized in combination with the hourly, and TDV emission factors developed in the previous sections in order to estimate the reduction potential of GHG emissions by using PV.
RESULTS

Hourly and TDV Emission Factors
The results for the NGHGIF A Overall the results show that there is a large difference between emission factors throughout the year. Clearly, the use of hourly data is necessary to accurately estimate the GHG reduction potential from renewable technologies. '   10  11  12  13  14  15  16  17  18  19  20  21  22  23 -10  11  12  13  14  15  16  17  18  19  20  21  22  23 The hourly emission factor proved to be the most accurate. However, depending on the type of analysis conducted it might be practical, but not as accurate to employ seasonal, time dependent valuation (TDV), or annual average emission factors to estimate CO 2 emissions. Also, it was observed that TDV and seasonal average emission factors were more accurate than using the annual average value and perhaps using monthly TDV emission factors might prove to be as accurate as using hourly values.
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Test Case Study
The electricity generated by the PV simulations performed for the year 2005 is shown in Figure 5 [9] . Clearly PV output is the highest during the summer months, especially in July. It should be noted that the results are highly dependent on the weather data in a given simulation year. In order to calculate the CO 2 emission reduction potential by PV, emission factors were developed in the previous section. Thus, The CO 2 emission reduction potential was calculated by multiplying the hourly electricity produced by PV by the different emission factors for the province as defined in Equations 7,8,9, and 10.
GHG".HNGflGIF" = Annual GHG emission reduction using the new hourly emission factor (g of CO2) Generated = Hourly electricity generated by renewable technology for test case house (kWh) c/.IlOurlv NHGHGIF A = New Hourly Greenhouse Gas Intensity Factor (g CO 2 /kWh)
GHGeI.SANGflGIF" = Annual GHG emission reductions using the seasonal average emission factor (g of CO 2 ) Generated = Hourly electricity generated by renewable technology for test case house (kWh)
cI.fw/Jrl" SANGHGlr~= Seasonal Average New Greenhouse Gas Intensity Factor (g CO 2 /kWh)
GHGel,AANGHGIF" = Annual GHG emission reductions using the annual average emission factor (g of CO 2 ) Trans. The potential reductions in COz emissions using the seasonal average, annual average and seasonal TDV emission factors compared to using the hourly emission factor is shown in Table 4 . The upper limit of COz reduction was obtained by using the TDV emission factor and the lower limit was obtained by using the annual and seasonal average emission factors, respectively, Figure 6 shows the total monthly emission reduction potential by PV. Emission reductions were the highest in June. Conversely, the lowest emission reductions were during December. 
CONCLUSION
The potential reduction of GHG emissions using the different emission factors was performed on the test case house model. Using the hourly, seasonal average, annual average and TDV emission factors for the Province of Ontario, the total CO 2 emission reduction potential for the test case was estimated and compared to using the hourly emission factor. The highest and lowest emission reduction potential was obtained by using the seasonal TDV and annual average emission factor, respectively. The hourly emission factor is usually between the two limits. It is clear that there is a need for hourly emission factors in order to accurately estimate the true potential reduction of greenhouse gases by employing renewable technologies in the residential sector.
RECOMMENDATIONS
In this paper, hourly, seasonal and annual emission factors were developed in order to show the time of day and time of year variations of the electricity generation sector. However, monthly emission factors could be developed to provide better accuracy. The emission factors developed in this research were based on the total electricity generated from all sources in the Province of Ontario. Future work by looking at peak and marginal emission factors could prove beneficial in order to have a middle and upper (direct fossil substitution) limit reduction potential for emissions.
